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&Bom (1954) [1], Matsushima &Marcus (1995) [2] $)$
,





$U\equiv fa^{2}/4\nu$ , ,
$\frac{\partial u}{\partial t}+(u\cdot\nabla)u=-\nabla p+\frac{1}{Re}\Delta u+\frac{4}{Re}\hat{z}$ , (1)




$u(1, \theta, z)=0$ , (3)
,
$u(r,\theta, z+L)=u(r,\theta, z)$ (4)
, $Re=fa^{3}/4\nu^{2}$ , $L$
(2) ,
$u=\nabla x(\psi\hat{z})+\nabla x\nabla x(\phi\hat{z})$ (5)
2 $\psi$ $\phi$ , ,
(1)$-(4)$
,
$\Delta_{1}(\Delta-Re\frac{\partial}{\partial t})\psi=Re(\nabla xN)\cdot\hat{z}$ , (6)
$\Delta_{1}(\Delta-Re\frac{\partial}{\partial t})\Delta\phi=-Re(\nabla x(\nabla xN))\cdot\hat{z}$ , (7)
$/0^{2\pi}\psi|_{r=1}d\theta=0$ , $\phi|_{r=1}=0$ , (8)
$\frac{\partial\psi}{\partial\theta}r=1+r\frac{\partial^{2}\phi}{\partial r\partial z}r=1=0$, $r \frac{\partial\psi}{\partial r}r=1=0$, $(r \frac{\partial}{\partial r})^{2}\phi_{r=1}=0$ , (9)
$\psi(r+L\hat{z})=\psi(r)$ , $\phi(r+L\hat{z})=\phi(r)$ , (10)
$r \frac{\partial^{2}}{\partial r\partial z}\Delta_{1}\psi|_{r=1}-\frac{\partial}{\partial\theta}(r\frac{\partial}{\partial r})^{2}\Delta_{1}\phi|_{r=1}=0$, (11)
$- \frac{1}{\pi L}/0^{L}/0^{2\pi}\frac{\partial}{\partial t}(r\frac{\partial}{\partial r})\phi|_{r=1}d\theta dz=-\frac{1}{\pi LRe}/0^{L}/0^{2\pi}(r\frac{\partial}{\partial r})^{3}\phi|_{r=1}d\theta dz+\frac{4}{Re}$ (12)








, $\Phi_{n}^{m}(r)$ , $r^{|m|},$ $r^{|m|+2},$ $\cdots,$ $r^{n}$
,
$\int_{0}^{1}\Phi_{n}^{m}\Phi_{n}^{m},rdr=\delta_{nn’}$ (16)
(Bhatia&Born (1954) [1], Matsushima&Marcus (1995) [2])
(6)$-(12)$ , $Re$
$L$ $Re=2000$,3000, 3300, 3500, 4000, 6000, 8000, 10000, 12000
Priymak &Miyazaki (2004) [3] ,
$16\pi$ , $L=16\pi$
(15) , $(N, M, K)=(100,21,170)$
(6) (7) , .
, 2 .
(12) , .
$\Delta t=0.005$ , $r$
$\tau$
, ,
3 $(m, k)=(1,0),$ $(0,8),$ $(0,1)$
, $(-m, -k)$ .






$\tilde{\psi}^{08}(r)=10^{-2}(1-r^{2})^{2}$ , $($ 18c$)$
$\tilde{\phi}^{08}(r)=10^{-2}(1-r^{2})^{3}$ , $($ 18d$)$




1 , . , $\overline{u}_{z}$ 0.5
, $Re$ 3000 ,










$Re=3500$ , 2 , (a) $z$
$u_{z}(r=0, z, t)$ , (b) $(z=0)$






(a) (b) (c) ,
,
3 , $u_{z}$
$t=3800$ , $t=4000$,4200 , (



















$0$ 10 20 $z^{30}$ 40 50
2: $Re=3500$ (a) $z$ $u_{z}(r=0, z, t)$ (b) $z=0$ 0.325




, 60,46,45,51,43 , 245 4(a) $u_{z}$ $\theta,$ $t$
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(a) $u_{z}$ $\theta,$ $t$ , $z$ (b)
$2\pi ru_{r}$ $\theta,$ $t$ (c) $z$ 0.325 , $\theta,$ $t$
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3.2 $Re=3300$
$Re=3300$ , , $t=3800$
,
$($ $)$
$0^{\blacksquare_{3}\text{ }}0^{\blacksquare_{4}\blacksquare\blacksquare_{0.5}}$ $[:::060.7$ $($b$)$
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5: $Re=3300$ (a) $z$ $u_{z}(r=0, z, t)$ (b) $z=0$ 0.335




Wygnanski et $al.(1975)[4|$ & (2001)[5]













$\theta$ , $L$ $z=c$ 1 ,
$u_{\perp}=\{\begin{array}{ll}a(z+L-c)+b (0\leq z\leq c)a(z-c)+b (c\leq z\leq L)\end{array}$ (19)
, $a,$ $b,$ $c$ , $c$ $z$
(512 ) $r,$ $\theta$ , $c(r, \theta, t)$ ( 6)
, $c(r, \theta,t)$ $\theta,$ $t$ , (r) ,
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